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SSME FMEA/CIL

DESIGN
Compenenl Graup: Fuzl Turbopumps Propared: L. Early
CIL ltem: 200404 Approved: T. Hgtyen
Component: High Pressura Fuel Turgnpump Approwal Date: 4121799
FParl Numbar: READTEOT Change #: 4
Failure Mode: Structurzl failure of turilne dlades, Cireclive ¥; GUBD ME1-11-5205
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Deslgn / Docement Relersnca

FAILURE CALSE: A Agtor blade crache.

THERE ARE 53 FIRST-STAGE AND 59 SECOND-STAGE BLADES {1} WHICH CONVERT THE HOT-GAS FLOW EHNERGY IMTO SHAFT POWER THROUGH EXFANSION. THE BLADES ARE
RADRALLY RETAINED IN THE DISKE (2] BY A 4 LOBE FIR-TREE. ACCEPTABLE BLADE FITUP AMD EYEN LOSD SHARING IS AGHIEVED BY STRINGENTLY COMTROLLED BLADE AMD DISE
FIR-TREE TOLERANCES, FIRST STAGE BLACGE FIT UP AND EVFN LOAD SHAR NG 1S VERIFIED BY ASSEMBLY LEVEL TAMGENTIAL BLADE TRAWEL CHECH (B). AXIAL RETEN rON
CURING OPERATION IS PROMVIDED B A LUG AT THE ROOT OF THE FIR-TREE M THE UPSTREAM SEDE. WHICH I5 BOTTOMED ATWAINET THE DISK BY PRESSURE FORCES. AN
EVELET AND BOWTIE ARF UTILIZED ON THE COMWNS TREAM SIDE AT THE ROOT OF THE FIR-TREE TC PROMIDE AXIAL RESTRAINT VHEN THE TURBOFUMF 1S NOT OFERATIMG, THE
BLADES IMCORPORATE DAMPERS (2). WoHICH FIT BETWWEEN THE BLADES iN FUCKETS MACHINED UMOER THE PLATFORMS. THE DAMPERS REDILKCE THE ALTERMATING STRESSES
EXPERIENCED BY THE BLADES DURING CPERATION THE ELADES {1} ARE MANUFACTURED UTIUZING INVESTMENT CASTINGS. THE MAT ERLAL |5 MAR-ME-246 { HAFMILIM MOD | 14)
AMD BS DIRECTIOMALLY SOLIDIFIED. MAR-RS246 (H POD) HAS EXCELLENT MECHANICAL PROPERTIES OVER THE CPERATING BARGE OF T10R TO 2070R. THIS ALLOY WAS AL50D
SELECTED FOR ITS RUPTURE STRENGTH AND RESISTAHCE TO CREEP, THE HAFHIUM ADTITION TC THE BASIC ALLOY IMPRDVES THE DUCTILITY AMD THE CASTARBILITY OF THIN
WALLEE SECTIONG THE MATERIAL I3 SOLUTION TREATED, AGE-HARDENED . ANDSTRESS RELIEVED THE BLADES SHAMKS ARE RECONTOURED TQ REDUCE STRESS
COMCENTRATIONS. T IE SECOND-STAGE BLADE SHANK AND FIRST AND SECOND-STAGE FIR-TREES ARE SHOTSEENED TO IMFROVE SURFACE PROPERTIES, THE BLADES
AIRFCHLE ARF COATED WWITH NICRALY TO FROTECT THE BASE MATERIAL FROM THE THERMAL SHOCK EXPERIENCED DURING THE ENGINE START TRANSIENT THE ENTIRE FIRST-
STAGE BLADE SHANK AND THE DOWNSTREAM SIGE OF THE SECOND-3TAGE BELADE SHAMK HAVE A PROTECTIVE COATING ARPLIED T63 FEDUCE THERMALLY INDUMCED STRESSES,
THE SURFACE FINIZH OM THE SECOND-STAGE BLADE BOWNSTREAM FACE IS THSHTLY CONMTROLLED AND THE FIR-TREE CORNERS ARE RADIUZED TO REOUCE 5TRESS
COHCENTRATIONS. ACCEPTABLE ELADE POROEITY IS TIGHTLY CONTROLLED TO PRECLUDE LOCAL STRESS RISERS. THE FIRST AND SECOMHD-5TAGE TURBINE BLADE PARENT
MATERIL WAS CLEARED FOR FRACTURE MECHANICEMNDE FLAVW GROMWTH BY RISK ASSESSMENT (3], THE BLADES HAVE REEN OESIGH VERIFICATION TESTED FOR STRESS
RUFTURE (5] THE BLADE DEZIGN IS5 TRLERANT TC CRACKS 1M CERTAMIN LOCATIONS. CONTIHUED USE WiTH ALLCAWABRLE DISCRERPANCIES RESIALTING FROM OPERATION IS
EVatUATED AMD CONTROLLED PER THE REQUIREMENTS OF THE MAINTENANCE CORTROL DOCUMENT .

(1) RO014821, RSDOTE20 (2} RS007517, REOOTS10; (3) RO019273 R0O19203, (4) RSS-B580-10. (5] NASATASK 117; /6) RSS404-27, (7) RSS.8798; (5) RLODISE
FAILURE GAUSE:  B: Loss of blade damp:rs).

THE DAMPERS (1) (2] ARE WIRE ELECTRO-DISCHARGE MACHINED FRDM A BLOCK OF HAYNFS 188 AND TUMELE DE-EURRED. THE DAMPERE ARE RETAINED BY POCKETS
MACHINED UNDER EACH-OF THE BLADE PLATFORMS. THE DAMPER POCKET DIMENSIOMS ARE CLOSELY TOLERANGED TQ ASIURE DAMPER RETENTIDN DESIGH ANALYSIS
SHOWS STAGK-UP TOLERANGES PRECLUDE THE DAMPERS FROM DISLODGING DURING OPERATION. A FINAL CHECK AT ASSEMELY IS PE RFORMED TO VERIFY OAMPER MOTIQN
AND THAT THE DAMPER CANNOT BECOME DISLODGED (1), HAVHES 188 WAL SELECTED FOR ITS TENSILE STRENITH AT ELEVATED TEMPERATURES, LOW CYCLE FATHALE LIFE

- ANO RESISTANCE TQ DEGRADATION AND ODXINATION IN & HIGH-PRESSURE HYDROGSEN RKCH STEAM ATMGSIHERE M) THE MATERIAL [S ANNEALED TO IMPROVE PROPERTIES.

THE L0353 OF ONE DAMPER ON AMY GIVEN PAIR. OF BLADES DOES HOT HAVE SIGNIFICANT EFFECT OM BLADE HIGH CYCLE FATIGUE LIFE. THE FIRST AND SECCND-STAGE BLADE
DAMPER PARENT MATERIAL WAS CLEARED FOR FRACTURE MECHAMIC S/MODE FLAW GROWTH SINGE THEY CONTAIN HO FRACTURE CRITIZAL PARTS {6).

) RLMB2TS (1) ROQ10203; (3) RLOQ352. (4) ASSASHO-10; (5] MASA TASK 117
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Cempnnent Group: Fuel Turbapumps Prepared: D. Earky

2L Wem B200-0d & pproved: T. Nguyan

Cormpen st High Prezsure Fual Turb spianp Approval Date:  &2NEF

Par{ Number: RS UOTE0 Change #: 4

Fallura Moda: Structurat 1allure of turbine Madas. Oracilve #: GGBD MEXDM-5205
Pags: 2af 5

Deslgn f Document Reference

FRILURE CAUSE: & Excesslve tip rubbing.
& Tlp seal fallure.

THE FIRST-STAGE TIF SEALS (1) ARE MANUFACTLIRED UTILIZRG & RENE 41 FORGING (2}, WHICH WaS SELECTED FOR TS TEMPERATURE AND STREMGTH PROPERTIES AMD
CORROSION RESISTANCE. HYDROGEM ENVIRONMENT EMERITTLEMENT IS HOT A PROBLEM AS THE SEALS GPERATE WATHIN THE ELASTIC RANGE. THE MATERIAL IS SOLLTION
TREATED AND AGEHARDENED THE SEAL RING CONSISTS OF 5 SEGMENTS. THE SEGMENTS ARE RETAINED 0N THE UPSTREAM SIDE BY EHEAGEMENT WATH & GROOWVE IN THE
TURBINE RHOUNT RIMG {3). EACH SECGMERT MATES WITH AN ANTHROTATION FIN IN THE GROCVE. THIRTEEN RETAINING LUGS ON THE RMAKH HOUSING {4} RETAIN THE
DCANSTREAM LIP OF EACH SEGMENT. THE DOWWNKS TREAM LIP IS SLOTTED AMD THE QUTSIDE DIAMETER OF THE TP SEAL 15 CHANNELED T REDUCE THE OPERATIONAL LOADS
AT THE RETAINING JOINTS. THE SEGMENTES ARE INSTALLED WITH A TANGENTIAL GAP YWHICH PRECLUDES INTERFERENCE BETWEEN THE SEGMENTS DURING OPERATION. THE
SEGMENTS ARE ECCENTRICALLY MACHINED TO ALLOA FOR ROTOR DEFLECTION FROM THE TURBIME TRANSVERSE DELTA PRESSURE GEMERATED BY THE HOT-0AS MARIFOLD.
THE SEALS ARE GROUKND AT ASSEMBLY TO PFROVIDE THE REQUIRED CLEARANCE ¥ TH THE BLAGE TIPS FOR EACH BUILD (3. LIGHT RUBRING DCCURS OMLY AT THE 12 O'CLOCK,
FOSITION DURING THE START TRANSIENT. THE CONTACLT DOES NOT AFFECT THE STRUSTURAL INTEGRITY OF THE BLADES OR TIF SEALS. THE FIRST AND SECONC-STAGE TIE
SEALS PARENT MATERIAL WA S CLEARED FOR FRACTURE MEGHANICSNDE FLAVW GRIOVTH SINCE THEY CONTAIN KO FRACTURE CRITICAL PARTS 8y, THE SECCHND-2TAGE TIP
SEALS {7) MANUFACTURMG |S THE SAME AS THE FIRST-STAGE TIP SEALS EXCEPT A NIGKEL RING 15 BRAZED TO THE RENE 41 TO PROVIDE A SCFTER MATERIAL N THE EVENT OF
ELADE CONTACT. A FLOW DOAN ON THE UPSTREAI SIDE SHIELDS THE BRAZE QINT FROM DIRECT HOT=3AS WPINGEMENT, THE SEAL RING COMEISTS OF 6 SECMENTE. THE
SEGMENTS ARE RETAINED DN THE UPSTREAM AND DOWNS TREAM SIDES BY ENGAGEMENT WITH GRODVES I8 THE MAIN HOUSIRG [4). THE SECOND-STAGE NOZALE #ISTON RING
18] AESTRICTS AX1AL OTION I THESE GAOOWES. EACH SEGMENT BNCORFORATES AN ANTIROTATIDN FIN 0N THE QUTSIDE DIAMETER WHICH ENGAGES WITH A SLOT M THE
MAIN HOUSING THE SEGMENTS ARE INSTALLED WiTH A TANBENTIAL GAF WHICH FRECLUGES INTERFERENCE EETWEEN THE SEGMENTS DURING OPERATION. EACH SEGMENT 15
GROLND AT ASSERELY TO PROVIDE THE REQUIRED CLEARAMCE WITH THE BLADE TIPS FOR EACH BUILD (5). LIGHT RUBBING OCCURS OMLY AT THE 12 oL OCK POSITION
DURING THE $TART TRANSIENT. THE CONTACT DOES NGT AFFECT THE STRUGCTURAL IMTEGRITY OF THE BLADES OR TIP SEALS,

(1) REDOTES, ASOATS0; 12) RSS-8580-10: (3) RSQD7SSS; (M) RSOC?ST?, RSOATSES (5) RLAODZS1: {8) NASA TASK 117. (7) RSOOTES2 RSCDFS0T (B) RE0ITETD
FAILURE CAUSE: E: Houslng pilot Iip failura,

THE TLIRBJME MOUNT RING [1) AND TURBINE BEARMNG SUPPORT [2) ARE BOLTED T THE MAIN HOUSING {33 THE HOUS ING PILOT WITH THE TURBINE MOLNT RING CONTROLS THE
CONCENTRIITY 0OF THE FIRST-5TAGE TIP SEALS AND NOZZIE. THE HOUSING UTILIZES A DUAL PIOT CONFIGURATION, WHICH VUnS DESIGNED T REMMCE THE CPERATIONAL
STRESSES. PILOTING OCCURS ON THE INNER PILOT AT ASSEMBLY AND ON THE DUTER FILOT AT ENGIME INSTALLATNIN AND DURING OPERATION. THE MM HOUSIMG IS
MAHUFACTURELD UTILIZING INCOHEL 718 (4). THIS MATERIAL HAS THE REQUIRED STRENGTH, CRYRQGEMK: DUCTILITY, RESISTANCE TO CORRDSION AND STRESS CORROSION
CRACKING AHD 15 PROTECTED IN SELECTED LOCATICGNE FROM HYDROGEN ENVIRONMENT EMERITTLEMENT B CGPPER PLATING. THE TUREINE MOUNT RING AND TURBINE
BEARING SUPPORT PARENT MATERIALS WERE CLEARED FOR FRACTURE MECHAMICSMWDE FLALY GROWTH SINCE THEY CONTAIN MO FRACTURE CRITICAL PARTS 15

(1) RSO07SSE; 12) R3007524; (3} REANIETT, RSOOVSED; (4) RSS-E580.10; (5) MASA TASK 117

FAILLIRE CAUSE:  F: Houtlng ralalnleg lug tallure.

THE HOUSING (1} UGE RETAIN THE DOWNETREAM LIP OF THE FIRST-STAGE TIP SEALS (2). THE LLIGS ARE AMINTEGRAL PART GF AND MACHINED FROM THE SAME INCONEE 718
(3) FORGING AS THE MAIN HOUSING, TAKING AIWANTAGE OF THE SAME MATERIAL FROPERTIES LISTED IN FAILLIRE CAUSE "E". [N ADCITION, THE LUGS ARE COATED WITH
NICRALY-OXIGE FOR THERMAL PROTECTION. THERE ARE G TIF SEAL SEGNENTS. THIRTEEN HCOAUSING LUGS HOLD EAGH SEGMENT. THE DOAWNSTREAM LIF OF THE TIP SEAL |5
SLOTTED, AND THE QUTSIDE DIAMETER |5 CHANNELED TO REDUMCE THE STRESS 0N THESE LUGS. THE HPFTP HOUSING EARENT MATERIAL WAS CLEARED FOR FRALCTURE
MECHANICENDE FLAW GRIATH BY RISK ASSESSMENT (4).

111 RS0OJET T, RSOJTSE8; (2) RS007691, R3OOTSD; (3} ASS-H5E0-10; (4) NASA TARK 117
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SRR U Fuel Tearbpainps Prepared: . Early

CIL Memn: Bz00-04 Approved: T. Houyen

Camponenl: High Fresaure Fuel Turbapump ' Approval Bale: 421459

Part Humbar: RSODTSA1 Cha nge #: 'l

Failure Mnde: Etructural fallure of lurbine blades, Diregtve §: CCBD MEX-01-5206
Paoa: l1cof 5

{zzign f Document Reference

FAILURE CAUSE: O Noxxle Lallume.

THE FIRST-STAGE TURBINE NOZZLE (1) 1S MANUFAGTURED U 1ILIZING AN INVESTMENT CASTING. THE MATERIAL IS NAR-M-246 (HE MOD} {21 WHICH HAS THE HIGHEST STATIC
MECHANICAL PROPERTIES OF THE NICKEL BASE ALLOYS FROM ROOM TEMPERATURE TO 2800 . THE ALLOY WAS ALSD SELECTED FOR T35 RUPTURE STRENGTH AND
RESISTANCE T CREEP  THE HAFNIUM ADDITION TO THF BASIC ALLOY INMFROVES THE DUCTILITY AND THE CASTABILITY OF THINWALLED SECTIONS. THE GASTING IS HOT
ISQEFATIC PRESSED TO FURTHER IMPROVE MECHANICAL PRGPERTIES. THE NOZZLE IS CAST WITH HOLLGW VANE GORES TG REDUCE THE THERMAL STRESSES DURING
OPERATION. THE NOZZLE INCORPORATES 41 YANES WHICH PROVIDE THE AERODYNAMIE PASEATE TO GUIDE AND ACCELERATE THE HOT-GAS FLOW TO THE FIRST-STAGE
BLADES THE OPERATIONAL TORQLE IS REAGTED BY 41 LUGS ON THE NOZILE OUTSICE DIAMETER, WHICH ENGAGE WITH LUGS IN THE TURBINE MOUNT RING (3}, FORTY.ONE
L1IGS ON THE INSIDE DIAMETER SERVE AS AN AXIAL ETOP AT ASSEMBLY. THIRTEEN SCALLOPS I THE OUTER SHROUD ALIGN WITH THE 13 STRUTS IN THE TURBINE BEARING
SUPPGRT 10 REDUCE THE INDUCED DFERATIONAL EOADS AT THIS LOCATION  THE NOZZLE INNER SHROUD IS MACHINED TO ELIMINATE INTERFERENCE WATH THE INLET SHEET
METAL, WHICH REDUCES THE DPERATIGNAL LOADS AT THIS LOCATION. THE SECOND-STAGE TURBINE NOZZLE (4) MANUFAC TURING 15 THE SAME AS THE FIRET-S TAGE EXCEPT
THE NOZZUE INCORPORATE S 30 VANES AND THE DPERATIONAL TOROUE IS REACTED EY 18 LUGS ON THE NOZZLE GUTSIDE DIAMETER WHICH ENGAGE WITH LUGS IN THE MAIN
HOLEING (3] SIX LUGS ON THE INSIDE CIAMETER SERVE A5 A RADIAL PILOT FOR THE TURBINE IN IERSTAGE SEAL {8). LOW CYCLE FATIGUE CRAGKING OF THE FIRST-STAGE AhD
SECOND-STAGE NOZZLE SHROUDS AND VANES DOES OCCUR DUE TO THE LARGE THERMAL SHOCK EXPERIENGED BY THE NOZZLE DURING ENGINE START AND SHUTDOWH, THE
CRAGKING I3 CONTROLLED PER THE NOZZLE DAR (7] AND INSPEC 110N SPECIFICATION (). REMOVAL DF THF NDZZLE FOR PERIDDIC INSPECTION IS REGUIRED BY DAR (7). THE
SPECIFICATION CRITERIA CONTROLS THE LENGTH, SPASING, AND LOCATION OF THE CRAGKS, THE SPECIFICATION CRITERIA I5 BASED ON GRACK GROVTH RATE AND ENGINE
1ES1 EXPEHIENCE. CONTINUED USE WITH ALLOWABLE DISCREPANCIES RESLIL TING FROM OPERATION IS EVALUATED AND CONTROLLED PER THE REGUIREMENTS OF THE
MAINTENANCE CONTROL DOCUMENT {8). THE HIGH CYCLE FATIGLIE LIFE {14) AND MINIMUM FACTORS OF SAFETY MEET CEI REQUIREMENTS (11). THE FIRST AND SECONDLS TAGE
TUREINE NOZZLE PARENT MATERIL WAS €I EARED FOR FRACTURE MECHANILS/NDE FLAW GROWTH BY RISK ASSESSMENT {12},

(1) R5007503; (2} RSS8580-10; (3) RS0D7S9Y; (4) RS0OTS62; (5] RSMO7577, RSOOTSHE; (6) RSODTES2: (7] DAR 1288; (8) RLOD71B; (0} RES-A753. (10) RLCDSIZ, CPI2URODDIE: (11)
RS5-B542-16. CPIZ0RIN0IE; [12) NASA TASK 117

FAILURE GAUSE: H: Impact from macroscoplc contaminant.

THE FIKST AND SECOND-STAGE BLADES {1) ARE MANUFACTURED UTILIZING INVESTMENT CASTINGS. THE MATERIAL |5 MAR-)1-246 (HF MOD) 2} AND IS DIRECTIONALE Y
SOLICIFIED  MAR--248 {HE MOD) HAS THE HIGHEST STATIC MECHANICAL PROPERTIES OF THE MICKEL BASE ALLOYS FROMK ROCM TEMPERATURE TO 2800 R THIS ALLCY WAS
SELECTED FORIT3 RUFTURE STRENGTH, AND RESISTARCE TO CREEP. THE HAFNIUM ADDITION TO THE BASIC ALLDY IMPREWES THE DUGTILITY AND THE CASTABILITY OF THIN
WaLLED SECTIONS THESE FROPERTIES OPTIMIZE THIS ALLOY'S RESISTANGE T<r IMPAGT DAMAGE. EXPERIENGE WHTH INGESTING FUEL PREBURNER LOK POST ALIGHRAENT PINS
ANDTHERMAL SHIELO NUTS BIDMNOT RESULT IM BLADE FAILURE. THE BLADES HAVE BEEHN DESIGN VERIFICATION TESTED FOR STRESS RUPTURE 3.

{*] ROO10A24; (2] RES-BRB0-10; (i) RES404-27
FAILUARE CAUEE: | Disk firtree ylhalding or fraclure,

THE OIS45 {11 ARE MAMUFACTURED UTILIZ|NG \WASPALDY FORGINGS [2), AMD CRITICAL AREAS ARE GOLD PLATED FOR HYDROGEN ENVIRONMENT EMERITTLEMEMT PROTECTION,
THIS Al LOY WAS SFI FCTEN FOR ITS STRENGTH AMD OUCTILITY AT CRYDSEMIC AND ELEVATED TEMPERATURES AND STRENGTH T0 WEIGHT RATICE. THE MATERIAL 13 THERMO-
MECHAMICALLY PROCESSED WHICH CONSISTS OF HOT-COLD WHERK FULLOWED BY A SOLUTION TREATMENT AND AGING TO IMPROVE HIGH TEMPERATURE MATERIAL
FROFERTIES. THE GRAIN DIRECTIONIS SPECIFIED BY DRAWING REQUIREMENTS TO ACHIEVE MAXIMUM MATERIAL PROPERTIES IN THE IRECTIAN OF THE HIGHEST LOADS. EACH
DHSK 15 INOPVEDAUALLY SPUN AS PART OF THE MANMUFACTURING PROGESS TD PRE-YIELOD THE DISW AND VERIFY THE STRUCTLRAL IMTEGRITY, THE DISK FiR-TREES ARE
BROACHED BEFORE AMD AFTER GOLD PLATING TO ABSURE PRCPER BLADE FIT-UP. THE TURHINE DISKS HAVE BEEN DESIGH YVERIFICATION TESTED FOR PRIMARY STRESS. LOW
CYCLE FATIGUE LIFE, AND VIBRATION CHARACTFRISTICS (3). THE FIRSET AND SECOND-STAGE DISKS PARENT MATERIAL WhS CLEARED FOR FRACTURE MECHANCS/NDE FLAW
GRMWYTH BY CRITICAL INITIAL FLAYY SIZE DETECTABILITY (4

13 RBOCYHIT, RSQCTHI0; (2) RSS-8580-10; (3] R55-404-34 RS5404-9, 4 NASA TASK 117
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Companant Group: Fuet Turbopumnps Preparad: D. Early

CIL ltem: B200-04 Approved: 1. Wguyen

Companane: High Pregsiire Fuel Tudsopump Appraval Dale: 4 ies

Part Humber: RS0OTSM Change #: 4

Failurs Moda: Siructural lallure of turb lne bladss. DlracHve #: CCBD ME1-p1-5208
Pape; 40of §

DOesign f Dacurnerd Referenca

FAILURE CAUSE:  J: Excessive mibbing of platform seals,

THE FIRST-STAGE FORWWARD PLATFORM SEAL (1) |5 Bl METALLIC, THE IMYER STRUCTURE IS MANUFAGTURED UTILIZING A REME 41 FORGING {2). BECAISE OF THE MATERIALS
RUPTURE STRENGTH. HYORCWSEN ENWIRONMENT EMBRITTLEMENT IS NOT & PROBLEM AS THE SEAL OPERATES IW THE ELASTIC RAMGE, THE ACTIVE PLATEDRM SEAL FORTIGN
IS MANUFAC TURED UTILIZING A INCONEL 825 RING (2), WIHIGH |5 ELECTRON BEAM WELDED TO THE RENE a1. ELECTRGN BEAM VIELGS PRODUCE 4 CLEAN WELD WITH & SMALL
HEAT AFFECTED ZONE AND MINIMAL DISTORTION. THE INCOMNEL 625 HAS THE THERMAL CHARACTERISTICE THAT PROVIDE THE RECAMRED HIGH CYCLE FATIGLE LIFE AKD IS
iNSENSITIVE TQ HYDADGLMN ENVIRAONMENT EMBRITTLEMENT AT OPERATING TEMPERAIURES (). THE MATERIAL IS SOLUTION TREATED AND AGE-HARDEMED. THE SEAL
MINIMIZES PARASITIC HOT-GAS LEAKAGE THAT COULD DILUTE COOLANT EFFECTIVENESS OR REOUCE TURBINE EFFICIENCY THE SEAL IS SECURED TO THE TURBINE SUPRORT
(3] B 24 A-206 CRES BOLTS (43 AND 321 CRES GUPWASHERS [5). A-268 CRES WhS SELECTED FORITS RESISTANCE T HK:H PRESEURE HYDROGEN OEQRADATICN, ME CHARNIC AL
FROPERTIES, RETENTIOH OF TOUGHNESS AND DUCTILITY AT CRYQGENIC TEMPERATURES AND RESIS TANCE TD CORROSION AND STRESS CORRQSION CRACKING 2. THE
MATERIAL 15 SOLUTION TREATED ANDAGE-HARDENED 331 CRES WAS SELFCTED FOR ITS DUCTILITY, RESISTAMCE TO CORROSKIN AND STRESS CORROSION CRACKING, AND
INEENSITIVITY TO HYDROGEN ENVIRONMENT EMBRITTLEMENT {2) THE MATERLSL 15 ANNEALED T0 IMPROVE MEGHANICAL FROFERTIES. THE CUPWASHERS ARE STAKER TO
PREVENT ROTATION OF IHE BOLTS, ASSEMELY PROCFOURES FOR LOCKING DEVICES ENSURE DEFECT-FREE INSTALLATION (8). DRY FLMLUBRICATICH IS APFLIED TC THE a0LT
THREADS AT ASSEMBLY AND THE BOLTS ARE SILVER PLATED, WHICH REDULES THE FRICTIONAL FORCES, PROVIDING A MORE CONSISTENT CLAMPING LOAD, A STATIC SEAL N
BETWWEEN THE PLATFDORM SEAL AND TUREINE SURPORT PREVENT § DIRECT EXPOSURE &F THE BOLTS TO THE HIGH TEMPERATURE TURBRNE ASES. THE PLATFORIM SEAL IS
RADIALLY PILOTED BY 4 PINS IN THE TURBINE BEARING SUPFORT WHICH ENGAGE SLOTS IN THE SEAL FLAMGE. THE CLEARANCE BEETWEEM THE BLADES AND THE SEAL 1S
CONTROLLED T RIMINYZE AUBBING WHILE REDUCING BYPASS LEAKAGE LIGHT BLADE FLATFORM RUBBEING M THE UPPER AND LOWER LIP OF THE "FISHMOUTH" SEAL DOES
OCCUR QUE TO THE CONTROLLED CLEARANGES RECUIRED TO MAINTAN TURBINE EFFICIENCY. THE BUBBING IS MONITDRED BY POST-TESTALUSHT BORESCOPE INSPECTIONS (8]
AMND CONTROLLED FER FELD SPECIFICATION (3}

THE FIRST-BTAGE AFT PLATFORM SEAL (10} 15 MANUFAC TURED UTILUZING A HATHES 188 FORGING (2 THIS ALLOY WAS SELECTEN FOR | TS TENSILE STREMGTH AT ELEVATED
TEMFERATURES, LOW CYCLE FATIGUE LIFE, AND RESIS TANCE TO DEGRADATION AND OXIDATION 1H A HiGH PRESSURE HYQROGEN RICH STREAM ATMOSPHERE. THE MATERLAL
15 ANMEALED TO IMFROVE MECHANICAL PROPERTIES. THE SEAL MINIMIZES PARASITIC HOT-GAS LEAKAGE THAT COLUL 1 DILUTE CACLANT EFFECTTVENESE NA REDUCE TURBINE
EFFIGIENCY. THE SEAL IS ATTACHED TO THE SECOHND-STAGE FORVUGRD PLATFCRM SEAL {(11) BY 12 A.206 CRES RBOLTS (12) AND 321 CRES GUPWASHERS (13 A285 CRES was
SELECTED FOR ITS RESIS TANGE TO HIGH PRESSURE HYDROGEN DEGRADATION, MECHANICAL PROCE RTIES, RETENTION OF TOUGHNESS AND DUCTILITY AT CRYOSEND
TEMPERATURES, AND RESISTANCE TG CORROSION AND STRESS CORRDSION CRACKING, THE MATERIAL IS SOLUTIDN TREATED AND AGE-HARDENED 131 CRES WAS SELECTED .
FOR TS BLCTILITY, RESISTANCE TO CORROSION AND STRESS CORROSION CRACKING, AHD INSERSITIVITY TO HYOROGEN ENVIRCHIENT EMBRITTLEMEMNT (2), THE MATERMIL 15
ANNEALED T0 RAPROWE MECHANICAL PROPERTIES. THE CUPWASHERS ARE STAKED TO PREVENT 80LT ROTATION. ASSEMBLY PROCEMMJRES FOR LOCKING DEVICES ENSURE
DEFECTFREE IWSTALLATION (G, DRY FILW LUBE IS AFFLIEL 10 THE BOLT THREARS AT ASSEMBELY, WHICH REDULES THE FRICTIONAL FORCES, PROVIDING A MORE CONS ISTEHT
CLAMPING LOAD. 51X LUGS EXTEND RADIALLY BWARD FROM THE HOZZLE INNER, SHROUD AND ENGAGE & SLOTS IN THE SEAL TO PROVIDE RADIAL FLOTING FOR THE PLATFORR
ANL INTERSTAGE SEAL ASSEMBLY THE SECOMD-STAGE FORVGAD FLATFORM SEAL PILOTS O THE INSIDE DIAMETER OF THE FIRST-3TAGE AFT PLATFORK SEAL. THIS FILOTING
ARRANGEMENT ACCOMMODATES THE THEAMAL GROWTHS OF THE SEALS. THE SLOTS ARE CRENSICNE D TO PROVIDE & SkALL CEGREE OF AX AL BMOTION RELATIVE TO THE
LUGS AN ASSURES EVEN, UNIDIRECTIONAL LOADIKG OF THE LUGS THE CLEARAMNCE BETWEEN THE ELADES AND THE SEAL |5 CONTROLLED TO MINIMIZE RUBBING WHILE
REBUCING BYFASE LEAKAGE,

THE SECONL-STAGE FOPWARD PLATFORM SEAL-TURBINE INTERSTAGE SEAL 11315 MAHLFAC TURED UTILIZING & HAYMES 188 FORGING [2). HAYHES 188Wa 5 SELECTED FOR ITS
ELEVATED TRMPERATURE, ETRENGTH PROPERTIES, AHD RESISTANGE T DEGRADATION AND CXIDATION IN A HIGH PRESSURE HYORDGEN RIGH STEAM ATMOSPHERE. THE
MATERIAL 15 ANNEALED TO IMPROVE MECHANICAL PROFERTIES THE SEAL MINIMIZES PARASITIC HOT-GAS LEAKAGE THAT COLLD DILUTE COCLANT EFFECTIVENESS OR
REDLICE TURBINE EFFICIENCY. THE CLEARANCE BETWEEN THE BLADES AND THE SEAL 15 CONTROLLED TO MINIMIZE RUBEMNG WHILE REDUCING _h'l"PASS LEAKAGE.

THE SECOND-STAGE AI'T PLATFORM SEAL (14) IS MANUFACTURED UTILIZING & RENE 41 FORGING, VWHICH WA SELECTED FORITS ELEVATED TEMPERATURE AMD STRENGTH
FROFERTIES, AHO CORROSMN RESISTANCE (2). THE MATERIAL 15 SOLUTION TREATED AND AGE- HARDENED. IT IS COFFERA PLATED TOD PROTECT THE BASE MATERIAL FROM
HYDROGEN ENVIRONMENT EMBRITTLEMENT (2). THE SEAL CONTROLS THE ENVIRDNIMENT OM THE DEMVNETREAM SIDE OF THE SECOMND-STAGE DISK. THE SEAL IS PILOTED AT
ASSEMELY ON THE OUTSIDE DIAMETER OF THE HUB LARYRINTH SEAL (15} FILOTING IN GPERATION IS FROVILIED BY 6 RADIAL TAMGS WHICH ENGAGE SLOTS IN A RETAINER [16)
A THIN CIRCULAR LIP O THE PLATFORM SEAL ENGAGES A SLIGHTLY WIDER GROCIVE IM THE RETAINER, THIS POSITIONING THE SEAL AXIALLY VWHILE FERMIITING IT TOEXPAND
AKD CONTRAZT FREELY UNDER ITS OWWN ENVIRONMENT TQ REDUGE ITS OFERATING STRESSES THE RETAINER IS SECURED TO THE LIFT-OFF SEAL STACK BY 12 A-28F CRES
BULFS [17) AND 321 CRES CURVASHERS {13). A-285 CRES WAS SELECTED FOR ITE RESSTANCE TO HIGH PRESSURE HYDROGEN DEGRADATION, MECHANICAL PROPERTIES,

RETEMTION OF TOUGHMESS a0 DUCTILITY AT CRYDGENIC TEMPERATURES AND RESISTANCE TO CORROSHIN AND STRESS CORROSION CRACKING (). THE MATERIAL IS
SOLUTIN TREATFN AKMN AREF_HARTIENEN 071 SEES IIA D Bl AR e IT0 R . e o . b e e = e o
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TN T IR E T TR tuel |urbapirmps Preparod: 0. Early

CIL Items B20g-04 Approved: T. Hguyen

Companent: High Pressure Fusl Turhopump Approval Dala: 4131/9%

Fant Humber: R3007T 601 Changa #; q

Failure WModa: Slri ctural failure of turhing blades, Diractive §: CCap ME-DI-5286
FPager 5af &

Dezign | Decumenl Referencs

PROR TO ASSEIMBLY TO INCREASE THEIR COMPRESSIVE STRENGTH THE CUPWASHERS ARE STAKED TO PREVENT RUTATION OF THE BOLTS, ASSEWBLY PROCEDURES FOR
LGEKING DEVICES ENSURE DEFEGT-FREE INSTALLATION (6]. STHETGH BOLTS ARE LITILIZED TO ASSURE THE REQUIRED PRELDAD ON THE SEAL STACK 15 ACHIEVED. THE
CLEARANCE BETWEEN THE BLADES AND THE SEAL IS CONTROLLED TO MINIMIZE RUBBING WHILE REDUGING BYPASS L EARAGE. THE FIRST AND SECOND.STAGE FORWARD AND
AFT PLATFORM SEALS PARENT MATERIALS WERE CLEARED FOR FRACTURE MECHAMICS/NDE FLAW GROWTH SINCE THEY CONTAIN NG FRACTURE CRITIGAL PARTS (18).

1) 9017580; (2| RESLSAD-10; (B) RSCU7S24: (4) ROD1Gg1S; (5) REAOT8EZ; (5) RLOOST; 7) RES1SR:; (8) FLO00S-04; (8) RFOQD1-053, OMRSD V1BUC.OTE; (10) RSOOTSAN; (11)
N5007532; {120 REACTERS; (33) RSUDTE2Y; (14) REIOTEE3; |15) RSOOTSSY, (16] RS007586; (17) RSOGISAS: (1K) NASA TASK 117

FAILURE CAUSE: ALL CAUSES

FHE HIGH AND LOW GYCLE FA 11GUE LIFE FOR THE DAMPERS. FIRST AND SECOND-STAGE TP SEALS. HOUSING FILOT LIP, HOUSING RETATNING LUIGS, AND THE FOUR FLATFORM
SEALS MIEET CEI REQUIRERMENTS (1). THE MINIMUI FACTORS OF SAFETY FOR THESE PARTS MEE T CEI REQUIREMENTS {2). THE FIRST AND SECOND STAGE SLADES ARt LIFE
LIMITED BY MAJOR VUAIVER I5]. THE FMEA/CIL WELDS ARE CLEARED FOR FRACTURE MECHANICSINDE FLAW GROWTH BY THE WELD ASSESSMENT (3). TABLE B200 LISTS ALL
PIEACIL WELDS AND IDENTIFIES THOSE WELDS IN WHICH THE CRITICAL INITISL FLAYY SIZE IS NOT DETECTABLE AND THOSE WELDS IN WHICH THE ROOT SIDE IS NOT
ACCESSIBLE FOR INSPECTION  THOSE WELDS INWHICH THE CRITICAL INITIAL FLAW SI2E 15 NOT DETEGTABLE ARE ACGEPTABLE FOR FLIGHT BY RISK ASSESSMENT (3). REUSE
OF PARTS DURING OVERHAUL IS CONTROLLED BY THE REGLIREMENTS OF THE ONERHALUL SPECIFICATION (),

{1 ALOGG22, GPAZOR0O0GE (2) HES-A846-16, CRIZ0RCOG3E; (1) RES.BTS6; (4) ALODSZE, (5] DAR 2552
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Componetl Graug:
CIL Item:
Component:

Part Humber:
Fallure Mode:

Fuel Turbapumps
B20D0-04

High Press ire Fuel Turbapump
R3007 BT
Sirvctural failure of turbing blades.

SSME FMEAICIL
INSPECTION AND TEST

Prepzred:
Approved:
Approvid Dale:
Changes 4:
Olractive A=

Page;

D. Early

T. Nguyen

4021109

4

CCRD MES-D1-6204

1of T

Falere Causes

Eignifican? Characleristica

Inspection(g) f Tesie)

Doournenl Aeference

FIRET-3TAGE ELADE

SECOMND-STAGE BLADE
MATERIAL INFEGRITY

HEAT TREAT

SURFALE FINISH

ASEEMBLY INTEGRITY

HPFTR

ASSENEBLY INTEGRITY

BLADE DAMPER FIRST-

GTAGE

bBLaDE DAMFER SECOND-

STAGE

MATERIAL INTEGRITY |53 VERIFIED PER SPECIFICATION REQUIREMENTS.
BLADES CAST SURFACES ARE FENETRANT INSPEC TED PER SPECIFICATION REQUIREMENTS,
BLADFS MACHINED SURFACES ARE PENETRANT |NSFESTED PER SPESIRIGATION RECUIREMENTS.

1k CONFIGURATION BLADES ARE GOMPUTED TORMOGRAPHY INSPECTED PER SEECIFICATICN
RFCILIREMENTS.

BLADE STRESS RELIEF IS WERIFIED PER SPECIFIGATIZN RECUIREMENTS,

SURFACE BLEND CF THE SLADE |5 VERIFIED FER SPECIFICATION RECKIREMERTS,
PLABMA SPRAY IS YERIFIED PER SPECIFICATION REQUIREMENTS.

GRIND AADBN ARE IMSPECTED PER DRAWING REQUIREMENTS.

SHOT PEENING 1S VERIFIED PER SPECIFICATION REQUIREMENT 5.
AIRFCIL AND SHANKS ARE DEFRACTO INSFECTEDR PER DRAWING REOWREMENTS

FIR-TALE DIMENSIONS ARE INSFECTED PER ORAVHNG REQUIREMEMNTS,

FIRST STAGE BI ADE FITUR ANO EOAD SHARING 1S VERIFIED BY TANGENTHAL BLADE TRAVEL
CHECE, .

FIRST.STAGE TURAINE BLADES ARE BORESTOPE INGFECTER PRICK TC EACH FLIGHT. \

FIRST-STAGE TURBINE BLADE AIRFOIE LEADRING EDES ARE 22X INSFECTED AFTER ACCEF'TH!EE
TEETING AND AFTER 10 3TARTS WITH SUBSEDUENT INSPECTION AT 1 START INTERVALS - '
THEREAFTER,

SECONO.STAGE TURSIMNE BLADES ARE BORESCOPE INSPECTED AT EAGH TURBOFUME REMGVAL.

AGDT9921
RSO0TER)

RBI170-236
RAOE- 116
FRAa1615.022
RFDOOT-113

RON108H
RS00TA20
RAIG11-0HE

RFCO04-066

REMTO-244
RA1609-Q1D

ROata2E1
REM7T524

RAT615003

ROD19a
RE007520

RODYGAZ2E
RS007520
RELOFS14Q
RSO0751T

RSI07501
RLO0MEE

QRS0 VS I BUDOTS
OMRSE W BUO TS

OMAES0 Ve 1BL0DE0

RON1E2Z73

RDO5203
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Seo N L e W, I el TurmopuTps Prepared: 0. Early

CIL tem: 8200-c4 Appraved: T. Nouryen
fSumpantnt: High Prossure Fuel Turkppump Appraval Dale; 47z1r99
Farl Mumber R300750 Change #: 4
Faillura Mode: Siruclueal Failure of turbing blades. Directiv= #: CCHD ME3-M-5204
Page; 2of 7
Fallare Causas Syficanl Charadlenstics Inspeglion(sy/ Tests) Docwmenl Ralzrence
1] MATERIAL INTESGRITY MATERIAL INTEGRITY |3 VERIFIED PER DRAWIHG REQHREMENTS, ROD1D27T3
ROo1823
ASSEMDLY INTESRITY BLADE DAMPER PRCKET DIMENSIING ARE INSPECTEN FER DRAWING REQUIREMEMTS, RO0 12621
REDOTEZD
DAMPER DIMENSIONS ARE INSPESTED PER DRAVWING REQUIREMENTS, R0 19273
Roa 19203
CAMPER RETENTICN CHECK, 1S PERFORMED AT TURBOPULAR ASEEMALY, RLMO3E2
HFFTF RE0OTAN
ASEEMELY INTEGRITY OAMFPERS ARE BORESCOPE INSPECTED AT EACH TURBOPUNP RERDVAL OWRE D W41 B Qa0
GO TIP SEAL FIRST-5TAGE RSOOTGS 1
TIF BEAL SECOMD BTASE RSCO7692
MATERIAL INTEGRITY KATERIAL INTEGRITY 15 VERIFIED PER DRAWING REQUIREMEMNTS.
FIRST-STAGE SEALS ARE PENETRANT INSFECTED FER SPECGIFISATION REQUIREMENTS. RAN 115116
HEAT TREAT HEAT-TREAT IS VERIFIED PER. SPECIFICATION REQUIREMENTS. RANE11-020
BRAFE INTEGRITY SECCHWD-GFAGF TIF SEAL BRAZING IS WERIFIED PER SPECIFICATION REGLIREMENTS. RAam1a7 -0
THE BRAZE FILLET 0N SECOND STAGE TIP SEALS |5 VERFIED PER DFLAYWING FEQUIRERENTS, REMMEaz

THE SECOND-5TAGE TIF SEAL BRAZE JOINT 1L TRASOMIC INSPECTION IS VERIFIED PER AAp115-125
SPECIFICATION RECLUIREMENTS. '

ASIEMBLY INTEGRITY FIRST-STAGE TP SEAL ECCENTRIZITY IS YERIFIED PER DRAWING AND SRECIE KCATION : RE0074
RECUREMENTS. I, FLOOAE
TIF 3EAL GRINOING |15 VERIFIED PER SPECIFICATION REQUIREMENTS. RLLOa5

TIF SEAL GLEARANCE |15 VERIFIED AT ASSEMBLY FER SPECIFICATION REOUIREMENTS
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CIL Item:
Component:

Part Number:
Failura Mode:

tuel lurbcpurmps

EX0-0d

High Frezsure Fuel Turhapump
RE00T501

Structural ature of turbing bladas.

Frepared:
Approwed:
Approeal Cate:
Changs #:
Diractive A:

Fage,

D. Early

T. Hguyan

41ma

4

CCBD NEJ-01-5208

qof T

Failura Cauzes

Slyrohcard Cheraglerizlcs

Inspeclion(s) ¢ Teslis]

Duzumenl Referance

L 1

EF

ASSEMBLY INTEGRITY

HPF TR

ASEEMBLY INTEGRITY

HOUSIMNG

MATERIAL INTEGRITY

HEAI IHEAT

SURFAGE FINIZH

RESESEMBLY INTEGRITY

NOZZLE 15T-STAGE

WOZ2LE INC-STAGE
MATERIAL INTEGRITY

TURRINE BLADE HEIGHT 15 INSPECTED PER DRAWING REQUIREMENTS.

THE FIRST-STAGE TIF SEALS ARE BORESCOPE INSPECTED PRIGR TO EACH FLIGHT

THE SECOND-ETAGE TIP SCALS ARE BORESCOPE INSPECTED AT EACH TLREOPUME REMOVAL

THE ROTATING ASSEMELY EALANCE IS WERIFIER FER SPECIFICATHON REQUIREMENTS,

MATERIAL IMTEGRITY |S VERIFIED PER DRAAMING REQUIREMENTE

FORGING |3 FENETRANT AND ULTRASDNIC INSFECTED FER SPECIFICATEN REQUIREMENTS

HOUSING I1IE FENETRANT INSPELTED PER SPECIFICATION REQUIREMENTS

MAGNETIC PARTICLE INSPECTION |S PERFORMEL FER SFECIFICATION RECUIREMENTS.
HEAT TREAT IS VERIFIED PER SPECIFICATION REQUIREMENTE,

NIC Fl.ill_"fj DXIDE COATING 1S YERIFIED PER DARAWING REQUIREMENTS. '|

FILOT LIF DIAMETERS ARE INSPECTED PER DRAWING REQLIREMENTE.

WATERIAL INTEGRITY |5 VERIFIED PER SPECIFICATION REQUIREMENTS,

ROO139821
RSDOT520

5007501

OMRSD V4 1BLK 075

OMRSD v4 1B\ 0B

RLOOZS2

RZ077 566

RA 15116
RADT1E-012

RAD115-116
RAD115-115
RA0a11-02a

RS007558

R3007502
RE007552

RBC1 70166
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[STETNTE N [RCTR TR
CIL Wem:

G T ety
Fart Number:
Fallure Modar

buel Turbopuirps
B.20D-04

High Pressure Fuel Turbopump
RS 501
Gtrucliral failure of turbine hlades,

Preparad:
Approved:
Appravzl Dale:
Change ¥
Dircebve #:

Paga:

0. Early

T. Mawyen

4218

4

CCBO ME3-01-5205

o T

Failore Causes

Siqndicant  haradenstios

Inspectian(s) | Tesls)

Cocument Relerence

MATERIAL INTEGRITY

ASSEMBLY INTEGRITY
HPETR
AGSCMOLY INTE BRITY

HRETP
MATERIAL INTEGRITY

CLEAMLINESS OF
COMPOMENTS

HRETR
ASIEMBLY INTEGRITY

DISK ROTOR SECOND.
STAGE

MATERIAL I TEGHITY

HEAT TREAT
SURFAGE FIMISH

ASEEMELY INTEGRITY

DIEK ROTOR FIRST-STAGE

CASTING |13 PENETRANT INSPECTED FER SPECIFICATIIN RECHNIREMENTS.
CASTING |5 HOT ISOSTATIC PRESSED PER SFECIFICATION REQIIREMENTS,

HIDDEN SURFACES ARE FEHETRANT IMSPECTED PER SPECIFICATICN REQLIEEMENTS.

MACHINED EURFACES ARE PENETRAMT INSPECTED PER SPECIFICATION REQUIREMENTS.
SHROULD AND VANE SURFACES APE IMSPECTED PER SPECIFICATION RECL REMENTS

TIE FIRET-STAGE NCI.ZZLE |5 BORESCOFE INSPEGTED FRICR TG EACH FLIGHT.
THE SECOMD-ZTAGE NOZZLE (5 BORESCOPFE INSPECTED AT EACH TURBOPUMP RE K OVAL

MATERIAL INTEGRITY 15 VERIFIED PER SPECIFICATION REGLIRENENTS

UPSTREAM COMPCHENTS ARE VERIFIED CLEANMED PER 3PECIFICATION RECIUIREMENTS,

FIRST-5TAGE HLADES ARE BORESCOPE INSPECTED PRIZR TC EACH FLIGHT.

EECOND-ETAGE TIIRBINE RLADES ARE BORESCOPE IMSPEC TED AT EACH TURBCPLIMP REMOWAL .

NATERIAL INTESZRITY 13 VERIFIED FER EPECIFICATION REQUIREMENTS
THE GRAIN IRECTION IS VERIFIED PER DRAWNG AECUIREMENTS,
TEMSILE SFECIMEM TEST 15 PERFORMED FER DRAWING AEQUIREMENTS
THE SPIN TEST I1Z PERFCORMED FPER DRANING REQUIREMENTS.

THE DISK IE FENETRAMT INSPECTED PER SPECIFIZATION REQUIREMENT S BEFORE AND

GFIM TEST

HEAT TREAT 15 VERIFIED PER SPECIFICATION REQUIREMENTS.
THE GOLE PLATING |5 VERIFIED PER SPECIFICATION REQLIREMENTS.

?FTER

TURBINE ENO COMPOMNENTS ARE BOREECOPE INSPECTED FOR EVIDENCE OF LOSS QOF GOLD
FLATING PRICR TO BEACH FLIGHT

FIR-TREE BRDIACHING IS VERIFIED BEFCRE AND AFTER SOLD DLATING PER DIRAWIMG

REGUIREMENTS.

RAOT15-116

RALOOT 14
REDDIEE

FAQ115-116
RLOOE14

A8a115-11§
RAQ116-007
REQNTSMA

OMASEA W41BUDOTS
ARRSD Y4 BUD.OSD

R3500T5M
REQ170-236

RL10000
RAQ110.018

RSIGTH0

OWRSO Ww41BUD.O7FA
OMRESE Y4 1BL0.DA0
RECOITH7

RECHTSIG

REO1 70182
RE0OTS16

ROOTS16

REDOTHI7
REQOTSI0

RADI13-115

REO1TO-182
RA1109000
OMRSD WYW1BLUC.075

REOOTST
REQDTSIO
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Companenl Group:
CIL ke
Component:

Far] Mumber

_Fallure Mode:

Fugl Turbopumps

B200.04

Higgh Presaura Fusl Turbopump
RSPO750T

Siruciuwal fallure of turbifne biedes.

Prepared:
Approved:
Approval Dames:
G ha nge #:
Directive ¢

Papea:

C. Early

T. Hguyen

HImy

&

CCBO ME3-M-5206

5of 7

Falure Ceuses

Significant Characteristics

Inspeclionfz) ¢ Testfa)

Docirnent Rafarsnce

FORWARD ROTOR SEAL
FIRST-STAGE ROTCR

MATERIAL |NTEGRITY

VELD INTEGRITY

HEAT TREAT
ASIEMBLY INTEGRITY

HFFTP
ASSEMBLY IMTEGRITY

AFT ROTQR SEAL FIRST-
STLCE ROTOR

MATERIAL INTEGR[TY

ASSEMBLY INTEGRITY

FORWARD ROTOR SEAL
SECOHNO-STAGE ROTOR

MATERIAL INTEGRITY

MATERIAL INTEGRITY |5 VERIFIED FER SRECIFICATIOM RECUIRENENTS,
THE FORGING IS PENETRANT AMD ULTRASOMIC INSPESTED PER SPECIFIGATICHN REQUIREMEM] 5.

THE SEAL IS PENETRANT INSFECTER PER SPEGIFIGATION REQGUIREMENTS

ALLWELDS ARE INSPECTED TO DRAWING AND SPECIFICATION REQUIREMENTS PER WELD
CLASS. INSPECTIONS INCLUDE: VISUAL, DIWMENSIONAL, PENETRANT, RADIOGRAFHIC,
ULTRASCOMIC, AND FILLER MATERSAL, AS APFLIGABLE,

HCAT TREAT 15 VERWFIED PER: SPECIFICATION RECUIREMENTS

FORWARD ROTOR SERLTUREINE BLADE INTERFACE CIAMETER IS VERIFIED PER DRAMNING
REQUIREMENTE.

TURBINE BLADE PLATFORM HEKGHT IS INSPECTED PER DRAWING REQLIREMENTS
BOLT TORGUE IS VERIFIED PER DEAVWANG RECUIREMENTS,
CUFWASHER DEFORMATION IS5 VERIFIED FER DRAWING REQUIREMENTS.

THE SEAL 15 BORESCORE INSPECTED FRIOR TO EACH FLIGHT

MATERIAL INTEGRITY |5 VERIFIED PER DRAWING REQUIREMENTS
THE FORGING 15 PENETRANT ARD ULTRASON|C INSPECTED PER SPECIFICATION REQUIRERMEN | 3,

THE SEAL IS PENETRANT INSFECTED PER SPECIFICATION REQUIREMENTS.

AFT ROTUR SEALTUREINE BLADE INTERFACE OIAMETER (5 VERIFIED PER DRAWING
REQUIREMENTS.

TURBINE BLACE PLATFORM HEIGHT IS INSFECTED PER NRANING REQLIREMENTS.
BOLT TORALUE |3 VERIFIED PER DRAWING RECUIREMENTS.
CLPWASHER DPEFORMATICN |5 VERIFIED FER DRAWING REQUIREMENTS,

MATERIAL INTEGRITY 15 VERIFIED PER DRAWING REQUIREMENT 5

QETAIL FORGINGS ARE PEMETRANT AND ILTRASCNIC INSPECTED PER SPECIEICATION
FFOIRFIAFNTR

RS00T53a

FBI170044

RAJ115-116
RADT1S-012

RAGT15116

RLIQ01 1

RADGOT-0o0g
RAQ115-416
RA01 15008
Ra1115-00
RAQY 15127

RADG 1-020

RI00T586
RE007501

ROO58:
HE0OTHO1

CMRED Wa1BLIO.OF S
R32072M

RAJ115-116
FAg115.012

RAQT1E-116

RSOGTEM
REA0TE01

ROn188:21
RS00750

REMTI9Z

RAG1E-1E
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CIL Teern:
Component:

Par Number:
Failure Mude:

ezl |1 VracpJdmpAs

BH200-04

High Fressute Fuel Turbcpamp
RE007T 501

Structurgl Tallure of turbina blades.

Frepared:
Apprayed:
Approval Date:
Changa £:
DiiracUve #:

Fage:

Falure Causes

Significanl Characlens oy

0. Early

T. Nguyen

4/21/38

4

CCED ME3-{01-5208

gl ?

Ingpactieniz) ) Teslf=)

Cacuman! Reference

vZ-4

ALL CAUSES

WELE INTEGRITY

ASSEMBLY INTEGRITY

AFT ROTOR SEAL SECOND-
STRGE ROTCR

MATFRIAL INTEGRITY

HEaAT 1REA |
SURFACE FIMISH
ASSEMELY INTEGRITY

HPFTP
CLEAMLIMESS OF
COMPONENTS

ABSEMBLY IMTECRITY

ALLWELDS ARE INSPECTED TQ DRAWIHNG AND SPECIFICATION REJUIREMENTS FER WELD
CLAZE. INSPECTIINS INCLLDE: VISUAL, DIMEMSIQNAL, F"ENETRF.HT RADIIGRAPHIC,
ULTRASONIZ AND FILLER MATERIGL, A% AFPLKCABLE.

FORVARE ROTOR SEALTURBIME ELADE INTFRFACE DIAMETER IS VERIFIED PER DRAWING
RECUIRCMERT S,

TURBINE BLADE FLATFORM HEIGHT |2 INSPECTED PER DRAWING REQUIREMENTS.
BOAT TORQUE IE VERIFIED PER DRAWING REQUIRCMECMTS.
CUPWASHER DEFORMATION IS VERIFIED FER ORAWING RECUIREMENTS

MATERIAL INTEGRITY IS VERIFIED FER 2PECIFICATION RECLHREMENTS
FORGHG |3 PENETRANT AND ULTRASONIG INSPECTED FER SFECIFICATION REQUIREMENTS.

THE SEAL |5 FEMETRANT IMGPECTED PER SPECIFICATION REQUIREMENTS,

THE HEAT TREAT IS5 VERIFIED PER SPECIFICATION RECUIREMENTS,

COPPER PLATING |£ vERIFIED PER SPECIFICATION REQUIREMENTS.

AFT ROTCR SEALROTOR INIERFACE DIAMETER 1S VERIFIED PER ORAWING RECLNREMENTS.

TUREINE BLAQE PLATFORM HE|GHT 5 INSFELCTED PER ORAWING RECUIREMENT .
BOLT TORALUE £ VERIFIED PER DRAMING REGUIREMENTS.
CUEWASHER DEFORMATICH I3 YERIFIED PER DRAVIMNG REQUIREMEM IS,

COMPORENTS ARE VERIFIED CLEAMED PER SPECIFICATION RECUIREMENTS

THE PUMP SURASSEMBLIES ARE IMSPECTED DURIMG OWVERHAUL FEF SPECIFICATION
REQUIREMENTS. IMSPECTIONS INCLUDE: VISUAL, DIMENSIONAL, PENETRAMNT, AND
REFPLACEMENT OF USAGE 1TEMS AS APPLICABLE, PER GVERHALIL CLASSIFICAT KM

CFERATKINPFRFORMANCE IS VERIFIED BY EMGIME HOIT-FIRE TESTING AND 2NDE & M TESTS ON
MEFECTIONS

TORGUE CHECKS ARE PERFORMED PRIOR TO EACH FLIGHT FLODW,

BaTA FROK THE FREVICUS FLIGHT OR BT FIRE 15 REVIEWED FOR PROPER TURBOPUMA
OFERATION/PERFCRMAHGCE. {LAST TEST|

RL13011

RANBOT-(94
RADII5-11G
RAQ115-00G
RAI115-D1
RAJI15-127

REQOT502
RE40FS01

RE0OTS20
REI07501

RS0TH3

RBOYYD-042

RAN115-116
RAl115-12

RAD15-116
RLADE 120
RAAT109-602

R3007593
RE0OTS01

RS0O7&EI]
RI0OTH

RE30v5dt
RL10GG

RLMISZH
RAJ115-115

RLOGI50-04
RLODARE-06
RLOUI6-0F
FLMNEE1

CMASE V4IRS0 020
MEFC PLH 1228
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Loinpoeenl Groug Fuel Turhapurm ps Praparad: D. Early
CIL ltem: 820004 Approved: T. Nguyen
Carmponent: High Preaaurg Fusl Turbapmp Approval Date: 4121790
Part Numker; RSOO07501 Change g 4
Fallurs Made: Structerzl fallure of lurbine blades. Directlve @ CCBD MEA-p1-5298
Papge: Tal T
Falure Causgs Significant Clharacieristics : Ingpactionis} ¥ Tesh(s Document Reterence

Failure History: Lompraaenslva failare higlory data iz mainkained in the Probiem Reporting dalabase (PRAMS/PRACA)
Referenca  MASA lefler SA2 1/ERICE and Razkatdyna elter 81RC0G7ETL.
Qperational Vs, Mol Applicable.
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Componant Group:

Itern Mamma:
llem Number:; =1
Part Humber: RIHTE01

Fuel Turbopnm ps
High Fressure Fuel Tyrbopamp

SSME FMEAICIL
FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Pragerad:
Approved:
Appravval Dam:
Change g:
DOlrective &;
Page;

D. Early

T. Kguyan

202

2

CCBO ME3-11-52G8

1of 2

Basze Line Ralionale

VYenanca

Crange Rationale

Varignl Dash Murmber

1. HIOD-15 REOOFA0E CAUSE A
B220-24; REI07005; CALISE A

THF IMMFER AND OUTER BE&LRIMG
RACES ARE EDOY CURRFMT
INSPECTED PER BLIO M2,

2 B2I0-13 RSOGTSZ7, ASMTSIZ,
CAJSE AL B. B2OG-JE;

RE0CTE32 CALUSE B. OIFFUSER
HIDNDFN SURFACES ARE
FEMETRANT INSPECTED PER
RLO0343,

3 BrDOG14 CAUSE A, RSO0TAGE
B200-21 CAUSE B, R3007563
R200-26 CALSE A, RE007SER
WELD JOUNTS RS007TER: TABLE
E20Q HRFIP FMEA/CIL WELD
JOINTS RECU 68 HOLSING
CURRENT COMFIGURATION |5
FHE GMETI PICCE "-112° CAp,
USIMNG FOUR [y WELDS AND
FI¥JR [4) WFI I MUMABZARS

4 BAOD-0Z; CAUISE A, RSCD7524
CAUSE B, RS00753; CAUSE C,
R5 007 R74

BEARING RACES RECEIVED
FROM SLPFLIER SPLIT BALL
HEARING INCORPORATED
FRECEIVED MO GENFRAL EDOY
CURRENT INSPECTICN

SCME DIFFUSERS fMdAY NGT
RECENVE THE POST FROOF TEST
HIDDEN SURFACE ()3
PENETRAMT MSPECTION

SOME HOUSINGS [POSSIBLY
TWUl) fAY HAVE BEEN
FABRICATED "1 TH THE TWD |2
FIECE 113" CAPS (THIS HAS AN
EXTRA WELD: %13 AMD THREE
FXTRAWELD MUMBERS 13, 68 &
63

E£0ME TURBIMNE BEARING
SUPFORTS {R50D7524) ARE
FABRICATED LSRG A
VUELOMENT OF HAYFS 188
ZHEET METAL INSTEAD QF THE
EOM FORGIMNG.

GENERAL EDDY CURRENT INSPECTION OF RACES REPLACES TYPE W2 1M
FEMETRANT INSPECTIOM N DETECTING SURFACGE FLAWSE

USE AS I3 AATIOMALE:

1. RACES SUPPLIED BY SPLIT BALL BEARING INCORPORATED RECEIVED 10X
WISUAL AND TYPE IWC PENETHANT INSPECTION IMSTEAD OF GEMERAL EQDY
CURRENT INSFECTION. FLAW DETECTABLITY RELIABILITY LEVELS RETWEEM
PENETRANT ANMD GENERAL EDDY CURRENT INSPECTIONS &RE G050 AND
0.057 RESFECTIVELTY.

LEE AS 15 RATIOMNALE

1 IMPLEMEMTATION OF HIDDEM SURFACE INSPECTION REQUIREMENT 12
NOT A RESULT OF AN OBSERVED HARDWARE ANACMELY BUT A5 & RESULT
OF ROCKETEYRE'S STAMD DLAUN,

SEE DAR 2745 FOR
VARIANT PART
SERIAL HUMBERS.

5EE DAR 2751 FQR
VARIANT PART
BERIAL NUMBERS

TO REDUCE CONFUSION ON THE DRAMING AND ON THE MAMUFAD TURING SEE MCH 2524,

FLOOR

hIGH CYCGLE FATIGUE INDUGED [NLET SHEET METAL CRACKS 00 DCCUR
FROM THE CPERATIOMAL EMVIROMMENT EXFERIENCED DURING ENGINE
DPERATION. THE CRACKING IS CONTRDL | ED PER THE REQUIREMENTE .OF
THE SHEET METAL INSPECTION SPECIFICATION (RLIOGSE) YVWHICH LIMITS THE
CRACHING LEMGTH, SPACING, AND SHARE, TO PRECLUDE SHEET METAL
FIECES FROM DISLODOING. THE CRITERIA IS BASED 0N CRACK GROWTH
FATES AND ENGINE TEST EXPERIEMCE. ANY CRACHS, WHICH EXCEED THE |
SPECIFICATION LIMITS, ARE WELD REPAIRED IRFOH)T-007). THE TURBINE
BEARIMNG SUPPQRT WITH WELDED S1EET METAL IS LIFE LIMITED BY MAJORH
WIAIVER DT 2773,

SAME -113 DASH
NLEER.

RE0GTE24-201 AMD

SLBS.
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LS AP LTS Sarg Fuel Turh LY P Prepa red: . E.-qu:.r
Item Hameg: High Precsure Fuel Turnapomp Appraved: T. Nguyen
fem Yumber: EZ00 Apprayel Data: 4129699
Fart Mimher: RE007501 Chanpe a: s
Diraciive &: CLBD ME3-01-5206
Fage: 2of 2
Baso Lime Ratinnale Varianoe Change Ralionale Yariant Dash Bumber
5 B:lO-15 CAUSE A B200-17 SOME LIFT-OFF SEAL HOUSIMG LEWY CYGLE FATIGUE CRAGKING HAS EEEM OBSERVEN [N THE PLIA WELD, RO S2:0-07 AND
CALISE A BELN-1A CALIRF A, DA LINES SRE FAERICATED CRACK INITIWTION AND FPROPAGATHON DCCURS AT SHUTDOWNCOOLDOWN SUBS.
B2051% CAUSE A, B200-22; USING INTERSECTING LINE Al L UNITS RECEIVE A STANDARD POST FLIGHT INSPECTIONS BY LEAK
CAUNSEARCE BRILLED HOLES THE HGELE CHEZK. LEAK CHECK POST FLIGHT VILL DETECT A CRAGK PRIDR TO

THAI INTERZECTS THE CUTSIDE
DIAMETER OF THE HOUSING
FLAMGE HAS & PLLMG
IMSTALLED. THE PLUS 1S THEM
WELDED AT THE HDUSIHNG
OUTSIOE DIAMETER TO FORM A
TIGHT GAS SEAL

RFFLIGHT. POST LEAKAGE AT THE DRAIM LINE ¥ LIMITED TO 10 SCIM. ALL
FLIGHT LIHITS WWALL SONWTINUE TC RECEIVE A LEAK CHECK POST FLIGHT FOR
THE ORAIN LINE PLUG WELD UNITL THE ENTIRE FLEET 12 RETROFIT "WITH THE
EDR DRAIN LINE CONFIGURATION
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SSME FMEA/CIL
WELD JOINTS

Companent Group: Fuoel Turbopumpa Propared: D. Early
CIL Itam: B200 Appraved: T. Nguyean
Companenl: High Pressure Fog| Turbopump Appraval Date; 421,90
#aH Humber: RS00T 501 Change 3: 2
Directive & CCA0 MED-01-5206
Fage; 1of 3
Cr ticat Inilial

Raat  Flawe Size Mot
Side Mot Deleclable

Cemaponent Basie Part Nomber Weld Mumaer Wekd Type  Class Atcess HOF  LCF Lommenls

SlIELD RAGT2171 1.24, 28-82  GTAW I X

SHIELD RoO121n . GTAW n

LIFT-GFF SEAL RON15230 1,2 GTaw I X

SHIELD ROOTO7ER 25 0B GTAW H

SHIELD ROa147e8 27 50 GTAMY n ES

SHIELD RAD{TES E1, 52 GTaw 1

EHIFID ROGI97 88 55 55 GTAW 1l

BELLOWNS RELLF 505 1-4 GTANY 1 X

BELL Oz REAQT505 5,5 Efnnr | x

INLET R3007512 4 GTAW I X

INLET REMTEZ 36 GTawr !

INLET REMOTI12 012,13 GTAW |

IMLET REMITE12 i EBVY i

IMLET REOOFS12 14 15 STAa |

INLET REI0TE12 1B GTAaMY I x

BFARING SUFFORT RS a4 14 EBWY I

BEARIMG SUFPORT R5007524 18 EBv I X

BEARIMNG SUFPORT R30074524 29, 20 GTARY I X X

BEAR NG SUPPCRT R3007524 1B GTAWY I X

BEARMG 5PPORT REDOTEDL 115 121 oLy I

BEARING 5LIFPORT RSLOTE24 |28 GTAW I X

EFARING SLFPFORT REQOTE2 228-c11 GTAW ] x

HOUSIMG R SODTsGA 7823, GTAWN I X X x :
228 330 p
FOH

HIHISING RE007 565 4 GTAw I

HSUSING RE00Q7 568 48 EB I X X X

HOUSING K30075SER 43 GTaw I b

HGUSING R&E00753R 5" araw ] X X

HULEIMNG RECNY56E 52 GTAN [} K

RO JSIMG HSCo7RE4 1 EEY 1



P8l -4

Lampanent Group: Fuel Turbopumps Fraparad; D. Early
CIL ain: B.ZEII:I Approved; T. Mouyen
Componen|; High Fressuna Fual Turbopump Approvat Data: 4021798
Part Number: REDITSM Change #: 2
Blrechve #: CCED ME-01-5205
Paga: 2of 1]
Criticar nitlal
Ragt  Flaw Size Mot
Bide Mar  Detectable

Carnpon end Basic Pl Mumbear Wekd Mumber Weld Type  Clasg dccess HCF  LGF Camments
HOUSIMG RE0G6 T46A 55 alc L ] }-{
ROUSING RE0NTEE 36 OTAW ] R
HOLIS NG RI007ESY OF, 324 325 GTAW It
HOLUIGING RIOO75E8 & ETALY M X x X
HOUSHHG RSO0Q75E8 50 EBWY I
HOUSING RS0LOFEaE 14,229, 297 GTAW 1 X X x
HNOUSING RSCOT6S 76,77 GTaWY I X
HOUSIHG RS040 7564 T.EO GTAW I X
HOUSIN G REA07553 20-101 GTawW 1l x
HCLUSING RENCTSER 10z GTAWS 1 X
HOLISING REM TEEA 123 GTAW n x
HOUSING REMTELS 140 GTAW " X
HOLIRING RS0O7ESR 133, 154 CTa N E
HOUIS G REHITS5E 174a-185 GTAW Il X
HEOLSING R2207554 181 192 GTAWY ] X x

195 106

£245, 455

45E
HOLSING RENI7TSES 153, 244, GTAW I ES

15/-402

24-J07
HOUISING RESBOPEEH 03, 17, GTAW 1 X X

214, 234,

235
ADUEING REDOTS5E 21z, i3 GTAMY I
HOUZING RZI0756A s 215 GTAMY n X
HOUSING RS0LT5ER 222, 139 GTAMY ! x .
HOUSIMNG RSCI7HGA 224, 225 GTAW | 4 X 1
FOUSING RE007 563 226, 227 CTaN I ]
HOUSING RE007 5656 231, 137 GTaln I X X
HOHPSING RE0DNTEER 231 GTAaN li bt
HOUZIMG REDOTIES 237 234 GTAN |
HOUZING RECOT558 AG-2408 GTAVY Ml
HOLSING AEI0TI5E Jeh-344 GTAV ] |
HOUSING REA0TSHE3 37e-3497 GTANY ] X
HOUS MG R S0CTSEE KL GTAW | x x X

i
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Comnporen] Gidup: Fugl Turbopumps Prepare d: D, Early
CIL tern: B200 Approved: T. Nouyen
Compenenl; High Fressure Fuel Turtepump Approval Data: 4r21/89
Pad Numbar RE007501 Changs & 2
Crructive 0; CCHO MEI11-530%
Page; aol 3
GCritlcal dnilial

Fopt  Flaw Size Mot
Sige Npt  Uelectable

Component Basic Part Mumber ¥ield Mumber Weld Type  Clazs Access HODF o LCF Comrwats
HOUSIMG F3007 568 407.434 GTAW 1l x

HCUSING RS007 REH 405449 GTRN I X

HOLSING RSDOTESE 4548 HOPT) GTAW Ir

HOLSING RECQOTEGE 450 (OPT)y  EBPw Il F

HOUSING RELOTSGE 454 GTAN fl B

HOUSING RSCOTEEE 37 IOPT) GTAWY fl

ROTOR BEAL ASA07534 1 EBwY I

SEA. AGAN7HI2 5 EBwY 1] X



